We addressed two questions involving food preference. First, we determined how a food's flavor and nutritional characteristics affected preference. In three trials, we offered lambs isonitrogenous foods differing in energy (trial 1, 90% TDN; trial 2, 100% TDN; trial 3, 110% TDN); each food was offered in apple and maple flavors. We hypothesized that preference for apple-or maple-flavored food would decrease with increasing duration of exposure (1, 2, or 4 d), and we speculated that the change in preference would intensify when food contained inadequate or excessive levels of energy. After eating food in one flavor, lambs preferred the alternative flavor, even after only a 1-d exposure, and preference for the alternative flavor was greater when the food had inadequate or excessive energy ( P < .05). The second experiment determined whether eating a food with rapidly or slowly digestible sources of energy in the morning affected lambs' food preferences in the evening. We speculated that lambs fed rapidly digestible food in the morning may prefer a slowly digestible food in the afternoon because slowly digestible food better maintains nutrient status throughout the night or because preference for the rapidly digestible food decreases after exposure in the morning. We offered lambs isonitrogenous and isocaloric foods, that differed in rates of digestion, in apple and maple flavors. Lambs fed rapidly digestible food in the morning preferred slowly digestible food in the alternative flavor in the evening. However, lambs fed slowly digestible food in either flavor in the morning preferred slowly digestible food in both flavors in the evening ( P < .05). These results show that lambs' preferences change as a result of food ingestion, and the degree of change in preference depends on the nutritional characteristics of the food. These findings further suggest food intake might be increased by providing a variety of foods to livestock on rangelands, pastures, or in confinement.
Introduction
Herbivores eat a variety of foods, but the reasons are not fully understood. Some link this behavior to nutritional needs (Westoby, 1978) , whereas others attribute the behavior to avoidance of toxicosis (Freeland and Janzen, 1974 ). Yet, animals eat a varied diet even when nutrients are adequate and toxins are not a concern . Thus, some argue the preference for variety may result from mild aversions to any food eaten too frequently or in excess (Provenza, 1996) . The degree of the aversion is likely to depend on the nutritional and toxicological characteristics of the foods. Foods containing either inadequate or excessive levels of nutrients or excessive levels of toxins may be avoided more strongly following a meal than foods that are adequate nutritionally. Nevertheless, eating even a nutritionally balanced diet to satiety may result in a mild aversion and a transient decrease in preference.
We addressed two issues concerning the dynamics of food preference. First, we determined how a food's flavor and nutritional characteristics combine to cause changes in preference. We hypothesized that a decrease in preference for a food just eaten would intensify if the food contained inadequate or excessive levels of energy, and lambs would then prefer an alternative food when given a choice; we also speculated preference would decrease with increasing exposure. In the second experiment, we evaluated two hypotheses for why food preferences might shift within a day. Lambs fed a rapidly digestible food in the morning may switch to a slowly digestible food in the afternoon to better maintain nutrient status through- out the night . Alternatively, lambs may develop transient aversions to food eaten in the morning and seek alternative food in the afternoon (Provenza, 1996) .
Methods
Flavors, Nutrients, and Food Preference. Our objective was to determine how a food's flavor and nutritional characteristics combine to influence lambs' food preferences. In three separate trials, we offered lambs isonitrogenous foods differing in energy (trial 1, 90% TDN; trial 2, 100% TDN; trial 3, 110% TDN). In each trial, the food was offered in two flavors: apple and maple. We hypothesized that a preference for food in one flavor would decrease and preference for food in the alternate flavor would increase after lambs ate flavored food. We also hypothesized that the decrease in preference would intensify when duration of exposure increased (1, 2, or 4 d ) and when food was inadequate or excessive in energy (90 or 110% TDN). We used three sets of 30 lambs (one set/trial). Lambs varied in age and body weight (90% trial: 9 mo, 60 kg; 100% trial: 4 mo, 29 kg; 110% trial: 10 mo, 66 kg). Trials were conducted from June 27 to September 4, 1995. Two of the trials were 20 d in duration (90% and 100% TDN), and the other trial (110% TDN) lasted 22 d. The lambs were placed in individual pens with ad libitum access to water and trace-mineral salt blocks.
The foods offered to lambs during the three trials were isonitrogenous but varied in energy ( Table 1 ). The first 8 d of each trial consisted of familiarizing the lambs with the novel ration ( Table 2) . Lambs were fed apple-flavored food on odd days and mapleflavored food on even days. Flavors (Agrimerica Inc., Northbrook, IL) added (at 1%) to the ground ration provided the basis for the lambs to discriminate and the basis for the formation of transient aversions. Lambs were offered 400 g of food from 0700 to 0730 each morning, and intake of each lamb was measured. Lambs had access to alfalfa pellets from 0800 to 1800; they were without food overnight. After 8 d, the animals ate both flavored foods readily.
On d 9 to 12, lambs were offered a choice between apple-and maple-flavored food (400 g of each food from 0700 to 0730 daily) to determine each lamb's preference. Individuals were ranked from 1 to 30 based on preference for apple-flavored food and assigned to treatments (five lambs/treatment) such that lambs with different preferences occurred in all treatments (i.e., lambs ranked 1 to 6 were randomly assigned to all treatments, then lambs ranked 7 to 12 were randomly assigned to all treatments, until all 30 lambs were assigned to treatments). During d 13 to 16, lambs were exposed for durations of 1, 2, or 4 d (10 lambs/treatment) to either apple-or maple-flavored food (five lambs/flavor within each duration). Lambs had access to food from 0800 to 1700 daily and were without food overnight. We determined whether there were differences in intake of flavors over days by repeated measures analysis of variance. Flavor was the main effect; lambs nested within flavor was the error term for flavor. Day was the repeated measure in the analysis for lambs exposed for 2 or 4 d. We analyzed data on flavor preferences separately for each duration of exposure (1, 2, or 4 d ) because lambs in different treatments were exposed to apple-or maple-flavored food for different durations.
Immediately after exposure for 1, 2, or 4 d, lambs were given a choice of apple-and maple-flavored food for four (90 and 100% TDN) or six (110% TDN) consecutive days. Lambs were offered 400 g of each flavored food from 0700 to 0730 daily and intake was determined. Foods were offered in plastic containers (13 cm on all sides) placed inside a wooden box secured to wire panels in the pen; the same flavored food was placed in the same container each day, and the position of the containers was changed daily. We calculated each lamb's daily preference for appleflavored food by dividing intake of apple-flavored food by intake of apple-plus maple-flavored food. The repeated measures analysis for preference was a factorial with prior exposure to flavor (apple or maple) and duration of exposure (1, 2, or 4 d ) as main effects. Lambs nested within treatments was the error term for the main effects and their interaction. Preference for flavor was a split-plot in the analysis. Day was the repeated measure.
Flavors, Nutrients, and Temporal Interactions. In this experiment, we evaluated two hypotheses for why lambs' food preferences might shift within a day. Animals fed a rapidly digestible food in the morning may switch to a more slowly digestible food in the afternoon to maintain nutrient status during the night . Alternatively, lambs may develop transient aversions to food eaten in the morning and seek alternative foods in the afternoon (Provenza, 1996) . Each morning, we offered lambs in two groups one of two isonitrogenous foods that differed in rates of digestion; both foods were offered in apple and maple flavors. Each afternoon, we offered lambs all four foods (two foods each with two flavors) to determine whether their preferences were affected by the nutritional characteristics and flavors of the foods they had eaten in the morning. This experiment involved 24 lambs in two trials between June 11 and July 4, 1996. The lambs received two isonitrogenous foods with different rates (rapidly or slowly digestible) but similar extents of digestibility (Table 3 ). The rapidly ( rd) and slowly ( sd) digestible foods were flavored with apple or maple (.5%) for a total of four foods (rd-apple, rd-maple, sdapple, and sd-maple).
During d 1 to 12 of the trial, lambs were familiarized with the rapidly and slowly digestible foods (Table 4) . Lambs were offered 400 g of one of the foods daily from 0700 to 0730; lambs ate all four foods readily by the end of the familiarization period. Lambs were given a basal diet of alfalfa pellets from 0730 to 1800 and ad libitum access to water and salt. The animals were held without food overnight throughout the 23-d trial.
During d 13 to 15, we offered lambs a choice of all four foods from 0700 to 0800 daily; lambs received a basal diet of alfalfa pellets from 0830 to 1800. Based on average daily intake of the four foods, lambs were assigned to two treatments (12 lambs/treatment) such that lambs with different preferences occurred equally in both treatments.
During d 16 to 19 (Trial 1), lambs were offered either rd-apple (treatment 1 ) or rd-maple (treatment 2 ) ad libitum from 0700 to 1200 (morning). From 1800 to 1900 (evening), lambs were offered rapidlyand slowly-digestible foods in apple and maple flavors.
During d 20 to 23 (Trial 2), two new treatment groups were created (12 lambs/treatment) such that there was an equal number of lambs from the previous treatments in both new treatments. We then exposed lambs to either sd-apple (treatment 1 ) or sd-maple (treatment 2 ) from 0700 to 1200. Again, lambs were given a choice of all four foods from 1700 to 1800.
The repeated measures analysis of variance was a factorial with flavor (apple vs maple) as the main effect. Lambs nested within flavor was the error term. Food choice (four foods) was a split-plot in the analysis. Day (4-or 6-d trials) was the repeated measure.
Results

Flavors, Nutrients, and Food Preference.
Neither lambs fed 90% TDN nor lambs fed 110% TDN preferred apple-over maple-flavored food during the initial preference test ( d 9 to 12) following the familiarization period on d 1 to 8 (90% group: 47% preference for apple; 110% group: 46% preference for apple). Lambs in the 100% TDN group preferred apple-over maple-flavored food during the initial preference test (61% preference for apple).
During exposure ( d 13 to 16), the amount ingested by lambs in the 90% TDN group did not differ by flavor or day ( P > .05; Table 5 ). Intake of food by lambs in the 100 and 110% groups did not vary by flavor ( P > .05), but intake varied by day ( P < .05). Lambs in the 100% TDN group decreased intake on d 2 (2-and 4-d treatments) and d 3 (4-d treatment) and then increased intake on d 4 (4-d treatment); lambs in the 110% TDN group decreased intake on all days after exposure on d 1 (Table 5) .
During testing, lambs changed preference after exclusive exposure to one flavor, even after exposure for only 1 d, in all three trials (90, 100, and 110% TDN). Lambs in the 90% TDN group differed in preference for apple and maple throughout the 4 d of Table 6 . Preference for apple-flavored food (intake of apple/intake of apple + maple) after exposure to either apple-or maple-flavored food at 90, 100, or 110% TDN required energy (Experiment 1) testing (flavor × day interaction P = .034; Table 6 ). Lambs in the 100% TDN group differed in preference for apple and maple during the first 2 d of testing, but not thereafter (flavor × day interaction P = .065; Table  6 ). Lambs in the 110% TDN group differed in preference for apple and maple throughout the 6 d of testing (flavor × day interaction P = .002; Table 6 ). Duration of exposure (i.e., 1, 2, or 4 d ) did not affect preference in any of the trials ( P > .10).
Flavor, Nutrient, and Temporal Interactions. During
Trial 1, lambs ate similar amounts of apple-and maple-flavored food in the morning (1,393 vs 1,516 g, respectively; P > .05). Lambs fed rd-apple in the morning showed less preference for rd-apple in the evening but consumed equal amounts of the other foods (Table 7) . Lambs fed rd-maple in the morning showed less preference for rd-maple in the evening, and they preferred sd-apple to sd-maple or rd-apple (Table 7 ). All lambs preferred sd to rd in the evening (227 vs 151 g; P < .05), and they preferred the alternate flavor to the one they ate in the morning (219 vs 158; P < .05). During Trial 2, lambs ate different amounts of apple-and maple-flavored food in the morning; lambs fed apple ate 1,525 g, whereas those fed maple ate 1,370 g ( P < .05). All lambs preferred sd to rd in the evening (260 vs 108 g; P < .05). They showed equal preference for sd in both flavors, but they preferred rdmaple to rd-apple ( P < .05; Table 7 ). These same preferences were evident during the initial choice tests on d 13 to 15; lambs preferred sd-apple (210 g ) > sdmaple (178 g ) > rd-maple (143 g ) > rd-apple (104 g ) ( P < .05; LSD .05 = 25 g).
Discussion
Flavors, Nutrients, and Food Preference. We hypothesized that lambs' preference for food just eaten would decrease as a function of the nutritional characteristics of the food. We predicted that lambs fed a balanced diet (100% TDN) would prefer an alternatively flavored food but preference shifts would be stronger and more persistent when lambs were exposed to foods with inadequate or excessive nutrients. The results of Exp. 1 were consistent with this hypothesis: after exposure to one flavor, lambs preferred the alternate flavor, even after exposure for only 1 d, and lambs avoided foods containing a deficit (90% TDN) or an excess (110% TDN) of energy more strongly and persistently than lambs fed a more adequate ration (100% TDN). Heifers fed straw in different flavors (coconut or maple) for as little as 1 d also strongly prefer an alternative flavor when fed plain straw as opposed to ammoniated straw (Atwood, Provenza, and Wiedmeier, unpublished data). Thus, preference for the flavor of a food decreases after an animal eats the food (sensory-specific satiety), and the degree of change depends on the nutritional characteristics of the food (nutrient-specific satiety). Postingestive feedback thus calibrates a foods' taste (flavor) with its homeostatic utility. Animals prefer foods adequate in nutrients, but preference declines when foods are deficient in nutrients or contain excessive levels of rapidly digestible nutrients (Provenza, 1995 (Provenza, , 1996 .
We also predicted a positive relationship between the strength of preference for an alternative flavor and length of exposure; however, there were no differences among lambs exposed for 1, 2, or 4 d, evidently because avoidance reached a maximum after 1 d. Repeated exposure to any food will eventually decrease preference, but the duration of exposure necessary to decrease preference is not known. Sheep and cattle repeatedly offered a nutritious food prefer an alternative food (Baumont et al., 1990; Newman et al., 1992 Ramos and Tennessen, 1993; Parsons et al., 1994) , and the decrease in preference is more pronounced when sheep ingest a single food for days or weeks (Ramos and Tennessen, 1993) . Sheep graze white clover in the morning but prefer ryegrass in the afternoon . Likewise, lambs in Exp. 2 decreased preference after 4 h of exposure in the morning. Lambs' relative preference for food high in energy (e.g., barley) can decline immediately ( 1 h ) after they eat a small meal (400 g ) of barley; their aversion to barley is more persistent after eating several small meals or a large meal (1,200 g ) of barley (Phy and Provenza, 1998) . Lambs fed a meal high in energy or nitrogen also shift preference to food high in nitrogen or energy, respectively, immediately following the meal (Villalba and Provenza, 1998) .
Food, Nutrient, and Temporal Interactions. The objective of the second experiment was to determine whether sheep eat a varied diet to maintain nutrient balance during the night, or due to a decrease in preference after ingesting rapidly digestible food. Lambs fed a rapidly digestible food in the morning may switch to a more slowly digestible food in the late afternoon to take advantage of the slow, steady release of nutrients while ruminating overnight . Alternatively, lambs may develop a transient aversion to a rapidly digestible food eaten in the morning and seek alternative foods in the afternoon (Provenza, 1996) . During Trial 1, lambs fed rapidly digestible food in the morning preferred slowly digestible food in the evening, and they showed the least preference for the flavor they had ingested in the morning; these results are consistent with both hypotheses. During Trial 2, lambs fed slowly digestible food in the morning continued to prefer slowly digestible food in the evenings, and they showed equal preference for both flavors in the evening; these results are consistent with the nutrient-balance hypothesis, but not with the transient-aversion hypothesis. Apparently, the nutritional characteristics of the slowly digestible food, along with the 4-h duration of exposure to the food in the morning, were not sufficient to decrease preference for the flavor of the slowly digestible food eaten in the morning.
The rate of digestion of energy was probably not the only factor affecting food preference in Exp. 2. Rather, the synchrony between the rates of digestion of energy and protein likely altered preference. Sheep prefer foods with synchronous rates of fermentation of energy and nitrogen. The energy in barley ferments at a greater rate than the protein in alfalfa (i.e., in the rd diet), whereas the energy in beet pulp and the protein in alfalfa ferment at similar rates (i.e., in the sd diet) (Kyriazakis and Oldham, 1997) . When rates of fermentation of energy and nitrogen are synchronous, preference is much higher than when the rates are asynchronous (Kyriazakis and Oldham, 1997; Villalba and Provenza, 1997) .
In addition, the amount of barley (high in energy) was low relative to the amount of alfalfa (high in nitrogen) in the rapidly fermentable food. This imbalance also may have contributed to the decline in preference for the rapidly digestible food (Villalba and Provenza, 1998) . Balancing the supply of fermentable carbohydrates and nitrogen optimizes rumen fermentation, microbial protein synthesis, and the retention of ruminally degradable nitrogen (Sinclair et al., 1993) . Conversely, when protein degradation exceeds carbohydrate fermentation, nitrogen is used inefficiently by microbes, and a large proportion of nitrogen is lost as ammonia in urine (Russell et al., 1992; Huber and Herrera-Saldana, 1994) . Foods containing rapidly digestible sources of protein produce excesses of ammonia in the rumen, resulting in a reduction in preference for the flavor of the food (Villalba and Provenza, 1997) .
When offered barley and alfalfa for ad libitum consumption, lambs prefer a diet of 54% barley (Wang and Provenza, 1996) , and they do not show strong or persistent changes in preference for flavors when a ration is formulated near this ratio Provenza, 1996, 1997) . However, preference declines as the ratio of barley to alfalfa decreases. These findings are consistent with the fact that lambs' avoidance of flavored food did not persist as long when barley was 58% (100% TDN) as opposed to 41% (90% TDN) of the ration in Exp. 1; the strong drop in preference in Exp. 2 likely reflects the fact that barley was only 29% of the diet. The strong preference for the slowly digestible ration over the rapidly digestible ration, independent of added flavor, also is consistent with the finding that lambs prefer foods adequate in nutrients and low in toxins, regardless of added flavors (Wang and Provenza, 1997) .
Implications
Food preference changes as a result of food ingestion, and the degree of change in preference depends on the nutritional characteristics of the food. This indicates that food intake may be increased by providing a variety of foods to livestock in confinement, on pastures, and on rangelands. Recent improvements in nutrition of animals in feedlots and dairies have concentrated on providing uniformly nutritious foods and rations (e.g., total mixed rations). Offering foods of different nutritional value (barley and alfalfa) or foods of similar nutritional value (barley and wheat) in different flavors (apple and maple) may stimulate intake and enhance performance. Intake may also increase in pastures containing a variety of plants. Likewise, rangelands with a diversity of plant species should provide greater animal performance than those with fewer plant species, because livestock may have higher intake.
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